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DESCRIPTION 

ELECTROLYTIC CAPACITOR AND ELECTROLYTE SOLUTION FOR USE 



IN AN ELECTROLYTIC CAPACITOR 



FIELD OF THE INVENTION 

The present invention relates to an electrolytic 
capacitor, and more specifically, it relates to an 

10 electrolyte solution for use in an electrolytic capacitor 

and an electrolytic capacitor, particularly an aluminum 
electrolytic capacitor, having a low impedance and 
excellent low temperature stability, having a reduced 
pressure increase inside the capacitor, due to hydrogen 

15 gas generated in high-temperature environments, and 

having a satisfactory usable life* 



BACKGROUND OF THE INVENTION 

Capacitors are common electrical parts which are 

20 primarily used for power supply circuits or digital 

circuit noise filters in various types of electrical and 
electronic products. Capacitors are largely classified 
into electrolytic capacitors and non-electrolytic 
capacitors (ceramic capacitors, film capacitors, etc.)* 

25 A wide variety of electrolytic capacitors are 

currently used, such as aluminum capacitors, wet tantalum 
electrolytic capacitors, and the like. Because aluminum 
electrolytic capacitors are able to provide a 
particularly excellent effect of the invention, the 

30 following explanation of the invention will be 

particularly focused on aluminum electrolytic capacitors, 
but the invention may be applied generally to all types 
of electrolytic capacitors without limitation. 

A valve metal is used as the electrode material for 

35 an electrolytic capacitor and, in an aluminum 

electrolytic capacitor, aluminum is used as the electrode 
material. The basic structure of an electrolytic 
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capacitor comprises an element comprising electrodes of 
prescribed shape having a dielectric oxide film on the 
surface (etched, if necessary, to increase the surface 
area and control capacitance) as the anode and cathode, 
5 arranged in a mutually opposing manner, with an 

electrolyte solution-holding separator lying between 
them. The element of the electrolytic capacitor is 
sealed into a package. An electrolytic capacitor element 
may have a wound structure or a laminated structure. 

10 In an electrolytic capacitor, such as that described 

above, the properties of the electrolyte solution 
constitute a major factor determining the performance of 
the electrolytic capacitor. Particularly, with the 
downsizing of electrolytic capacitors in recent years, 

15 anode foils or cathode foils with higher etching factors 

have been used and the resistivities of the capacitor 
have increased and, therefore, electrolyte solutions with 
lower resistivity and higher conductivity are required to 
be use in the electrolytic capacitor. 

20 A conventional electrolytic capacitor electrolyte 

solution generally comprises a solution of a carboxylic 
acid, such as adipic acid or benzoic acid, or its 
ammonium salt as the electrolyte dissolved in a solvent 
composed of ethylene glycol (EG) as the main solvent with 

25 water added to about 15 wt% . Such electrolyte solutions 
have resistivities of about 1.5 Q-m (150 Q»cm). 

On the other hand, the capacitor is required to have 
a low impedance ( Z ) for the purpose of achieving 
sufficient performance. The impedance is determined by 

30 several factors and, for example, it is lowered by 

increasing the electrode area of the capacitor and, 
therefore, large-sized capacitors inherently provide 
lower impedance. Improving the separator is another 
approach to lowering the impedance. However, the 

35 resistivity of the electrolyte solution is the major 
factor governing the impedance, especially in smaller 
capacitors . 
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Recently, low-resistivity electrolyte solutions have 
been developed using aprotic organic solvents such as GBL 
( y-butyrolactone ) . (See, for example, Japanese 
Unexamined Patent Publication SHO No. 62-145713, Japanese 
5 Unexamined Patent Publication SHO No. 62-145714 and 
Japanese Unexamined Patent Publication SHO No. 62- 
145715). However, capacitors using such aprotic 
electrolyte solutions have vastly inferior impedances 
compared to solid capacitors employing electron 

10 conductors with resistivity of 1.0 Q^cm or below. 

It is currently the situation that aluminum 
electrolytic capacitors, which employ electrolyte 
solutions, have poor low temperature stability and a 
rather large -40 °C impedance/20 °C impedance ratio Z(- 

15 40°C) /Z (20°C) of about 40 at 100 kHz. In light of this 

situation, it has been desirable to provide an aluminum 
electrolytic capacitor with low impedance, low 
resistivity and excellent low temperature stability. 

Moreover, the water used as part of the solvent in 

20 an aluminum electrolytic capacitor electrolyte solution 

is a chemically active substance with respect to the 
aluminum of the anode foil or cathode foil. It therefore 
reacts with the anode foil or cathode foil to generate 
hydrogen gas, and this raises the pressure in the 

25 capacitor and increases the stress on the capacitor 

element, thereby causing deformation or breakage of the 
wound structure; this may promote fly out of the 
electrolyte solution to the exterior or activate the 
safety vent, thereby significantly altering the 

30 characteristics. In order to eliminate the problem of 

generated hydrogen gas, it has been attempted in the past 
to absorb generated hydrogen gas in an electrolytic 
capacitor load test or the like. For example, Japanese 
Examined Patent Publication SHO No. 59-15374 discloses an 

35 electrolyte solution for use in an electrolytic 

capacitor, which is obtained by adding a carboxylic acid 
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and carboxylic acid ammonium salt to a solvent containing 
ethylene glycol added with 5-20 wt% water to prepare a 
buffer solution, and then further adding 0.05-3 wt% p- 
nitrophenol. By using this electrolyte solution it is 
5 possible to provide an electrolytic capacitor with 

limited boehmite production and little hydrogen gas 
generation on the electrode foil surface together with an 
enhanced low temperature stability and a long usable 
life. 

10 Also, Japanese Examined Patent Publication SHO No. 

63-14862 discloses an electrolyte solution for use in an 
electrolytic capacitor capable of exhibiting an excellent 
corrosion inhibiting effect for cleaning with halogenated 
hydrocarbons, wherein o-nitroanisole is added to an 

15 electrolyte solution prepared by dissolving an organic 

acid, inorganic acid or its salt as a solute in a solvent 
consisting mainly of ethylene glycol. It is stated in 
this publication that o-nitroanisole used as a corrosion 
inhibitor exhibits a hydrogen gas-absorbing effect, 

20 thereby absorbing the hydrogen gas generated inside the 

electrolytic capacitor during use and minimizing valve- 
opening accidents or changes in capacitance. 

However, research by the present inventors has shown 
that although p-nitrophenol or o-nitroanisole exhibit an 

25 initial hydrogen gas absorbing effect in an electrolyte 

solution for use in an electrolytic capacitor with low 
water concentration, such as are commonly used in the 
prior art, they are unable to exhibit and maintain 
satisfactory hydrogen gas absorbing effects when the 

30 amount of water in the solvent of the electrolyte 

solution is 20 wt% or greater, or when the electrolytic 
capacitor is used for a prolonged period in a high- 
temperature environment . 

In Japanese Unexamined Patent Publication No. 2000- 

35 173872, the present inventors have already disclosed that 

the aforementioned object can be achieved by an 
electrolyte solution for use in an electrolytic capacitor 
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comprising nitrophenol, nitrobenzoic acid, dinitrobenzoic 
acid, nitroacetophenone or nitroanisole in an electrolyte 
solution wherein the solvent is composed of 20-80 wt% of 
an organic solvent and 80-20 wt% water. However, these 
5 differ from the compounds of the invention which have 
unsaturated bond-containing chains . 

It is an object of the present invention to overcome 
the aforementioned drawbacks associated with the prior 
art, and to provide an electrolyte solution for use in an 

10 electrolytic capacitor having low impedance and excellent 
low temperature stability, as represented by the 
impedance ratio at a low temperature and an ordinary 
temperature, and a satisfactory usable life, and being 
capable of exhibiting an excellent hydrogen gas-absorbing 

15 effect even when an electrolyte solution employing a 

solvent mixture with a high water content is used or when 
the electrolytic capacitor is used in a high-temperature 
environment, as well as an electrolytic capacitor 
employing the electrolyte solution. 

20 It is another object of the invention to provide an 

electrolytic capacitor wherein the capacitor element 
contains a solvent-soluble compound with an unsaturated 
bond-containing chain which can undergo a hydrogen 
addition reaction in an electrolyte solution composed of 

25 at least 20 wt% water in the solvent composition. 

SUMMARY OF THE INVENTION 

As a result of much diligent research directed 
toward achieving the objects stated above, the present 

3 0 inventors have completed the present invention upon 

finding that said objects can be achieved by the addition 
of a compound with an unsaturated bond-containing chain. 

The present invention therefore provides, according 
to one aspect thereof, an electrolyte solution for use in 

35 an electrolytic capacitor characterized by comprising a 

solvent-soluble compound having an unsaturated bond- 
containing chain which can undergo hydrogen addition in 
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an electrolyte solution which comprises a solvent 
composed of 10-80 wt% of an organic solvent and 90-20 wt% 
water and at least one type of electrolyte selected from 
the group consisting of carboxylic acids or their salts 
5 and inorganic acids or their . salts. 

The role, function and effect of the compound with 
an. unsaturated bond-containing chain in the electrolyte 
solution for use in an electrolytic capacitor of the 
invention are conjectured to be as follows. 

10 Hydrogen gas generated by a hydration reaction 

between an aluminum electrode foil and a water solvent 
increases the pressure inside the capacitor and leads to 
several phenomena; for example, it produces stress in the 
capacitor element and thereby causes deformation or 

15 breakage of the structure of the element, or promotes fly 
out of the electrolyte solution to the exterior or 
activates the safety vent, thereby significantly altering 
the characteristics of the capacitor. The role of the 
compound with an unsaturated bond-containing chain, that 

20 can undergo a hydrogen addition reaction, is to inhibit 
these phenomena. The compound with an unsaturated bond- 
containing chain that can undergo hydrogen addition 
reaction efficiently absorbs hydrogen generated inside 
the capacitor, thereby inhibiting deterioration in the 

25 characteristics of the capacitor. The process is a 

chemical reaction, and specifically a hydrogen addition 
reaction . 

The absorption of hydrogen, which inhibits a 
pressure increase inside the capacitor, occurs during a 

30 hydrogen addition reaction due to cleavage of the 

unsaturated bond of the compound with an unsaturated 
bond-containing chain. The compound with an unsaturated 
bond-containing chain consumes hydrogen, for example, by 
conversion from an alkene as an unsaturated hydrocarbon 

3 5 to an alkane as a saturated hydrocarbon, or from an imine 

to an amine. Here it is important that the compound with 
an unsaturated bond-containing chain is evenly dispersed 



in the electrolyte solution and for the compound to be 
capable of absorbing hydrogen. 

when the compound with an unsaturated bond- 
containing chain is added to the electrolyte solution of 
the invention, it is preferably used in an amount of 0.1- 
10 wt% based on the total weight of the electrolyte 
solution . 

The organic solvent used together with the water to 
form the mixed solvent is preferably a protic solvent, an 
aprotic solvent, or a mixture thereof. Specifically, a 
protic solvent or an aprotic solvent may be used alone 
or, if necessary, two or more different ones may be used 
in any desired combination. The protic solvent will 
preferably be an alcohol compound, and the aprotic 
solvent will preferably be a lactone compound. 

As carboxylic acids and their salts to be used as 
electrolytes for the electrolyte solution of the 
invention there may be preferably mentioned one or more 
selected from the group consisting of monocarboxylic 
acids, dicarboxylic acids, tricarboxylic acids, hydroxyl 
group- and other functional group-containing carboxylic 
acids, saturated carboxylic acids and unsaturated 
carboxylic acids, such as formic acid, acetic acid, 
propionic acid, butyric acid, p-nitrobenzoic acid, 
salicylic acid, benzoic acid, oxalic acid, malonic acid, 
succinic acid, glutaric acid, adipic acid, fumaric acid, 
maleic acid, phthalic acid, azelaic acid, citric acid and 
hydroxybutyric acid, as well as their derivatives and 
their ammonium salts, sodium salts, potassium salts, 
amine salts, alkylammonium salts, etc. 

Likewise, as inorganic acids and their salts to be 
used as electrolytes there may be preferably mentioned 
one or more selected from the group consisting of 
inorganic acids and alkyl group- or other carbon chain- 
containing inorganic acids, such as phosphoric acid, 
phosphorous acid, hypophosphorous acid, boric acid, 
sulfaminic acid and alkylphosphoric acids, as well as 
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their ammonium salts, sodium salts, potassium salts, 
amine salts , alkylammonium salts , etc . The electrolytes 
of the invention may also include if necessary, in 
addition to the compound with an unsaturated bond- 
5 containing chain, additives selected from among the 

following groups: (1) chelate compounds (2) saccharides, 
(3) hydroxybenzyl alcohols and/or L-glutamic acid 
diacetate or their salts, (4) gluconic acid and/or 
gluconic lactone and ( 5 ) nitro or nitroso compounds . 

10 Such additives may be used alone or in any desired 
combinations of two or more. 

According to another aspect of the invention, the 
results of further study based on the experimental 
findings and results described above indicate that, for 

15 an electrolytic capacitor comprising an electrolyte 

solution wherein the solvent is composed of 10-80 wt% of 
an organic solvent and 90-20 wt% water, the compound with 
an unsaturated bond-containing chain does not necessarily 
have to be present in the electrolyte solution, as an 

20 additional effect is afforded by a construction in which 
it is contained elsewhere than in the electrolyte 
solution. 

For example , an adequate hydrogen-adsorbing and 
hydrogen addition reaction effect is exhibited even if 

25 the compound with an unsaturated bond-containing chain is 

present not in the electrolyte solution but in the 
hydrogen-generating section of the capacitor, i.e. the 
electrode foil surface or its proximity, or in the 
separator. Also, a similar effect is exhibited if the 

30 compound with an unsaturated bond-containing chain is in 

a location other than the electrolyte solution in the 
capacitor and is dissolved in the electrolyte solution. 

BRIEF DESCRIPTION OF THE DRAWINGS 
35 Fig. 1 is a schematic drawing of an electrolytic 

capacitor . 
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DETAILED DESCRIPTION OF THE INVENTION 

The electrolyte solution for use in an electrolytic 
capacitor of the invention is characterized in that a 
solvent with a high water concentration, comprising a 
5 mixture of an organic solvent and water, is used as the 

solvent for dissolution of the electrolyte, and in that a 
compound with an unsaturated bond-containing chain is 
dissolved or dispersed therein as the electrolyte 
solution . 

10 As mentioned above, the organic solvent may be a 

protic solvent or an aprotic solvent alone, or any 
desired combination thereof. Alcohol compounds may be 
mentioned as examples of suitable protic solvents. As 
specific examples of alcohol compounds which may be 

15 advantageously used there may be mentioned those 

including but not limited to monohydric alcohols such as 
ethyl alcohol, propyl alcohol and butyl alcohol, dihydric 
alcohols (glycols) such as ethylene glycol, diethylene 
glycol, triethylene glycol and propylene glycol, and 

20 trihydric alcohols such as glycerin. Lactone compounds 

may be mentioned as examples of suitable aprotic 
solvents. As specific examples of lactone compounds 
which may be advantageously used there may be mentioned 
those including but not limited to y-butyrolactone and 

25 other intramolecularly polarized compounds. More 

specifically, if one or more selected protic or aprotic 
solvents are used to carry out the invention, there may 
be used one protic solvent, one aprotic solvent, two or 
more different protic solvents, two or more different 

3 0 aprotic solvents or a mixture of one or more protic 

solvents with one or more aprotic solvents. 

Water is also used with the organic solvent as a 
solvent component for the electrolyte solution of the 
invention and, according to the present invention, this 

35 is particularly distinct from conventional electrolyte 

solutions in that a relatively large amount of water is 
used. Using such a solvent for the invention lowers the 
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solidifying point of the solvent thereby improving the 
resistivity of the electrolyte solution at low 
temperature and realizing satisfactory low temperature 
stability, as evidenced by a small difference between 
5 resistivities at low temperature and at ordinary 

temperature. The water content of the electrolyte 
solution is preferably in the range of 20-90 wt%, with 
the remainder consisting of the organic solvent. If the 
water content is below 20 wt% or above 90 wt%, the 

10 solidifying point of the electrolyte solution is 

insufficiently lowered, making it difficult to achieve 
satisfactory low temperature stability with the 
electrolytic capacitor. A more preferred water content 
of the aqueous solvent mixture has a lower limit of 40 

15 wt%, more preferably 45.8 wt% and especially 50 wt% and 
an upper limit of 88.9 wt%, more preferably 85 wt% and 
especially 80 wt%. 

The electrolyte used in the electrolyte solution of 
the invention is an organic acid, especially a carboxylic 

20 acid or its salt, or an inorganic acid or its salt, and 
such electrolyte components may be used alone or in 
combinations of 2 or more. Examples of carboxylic acids 
which may be used as electrolyte components include, but 
are not limited to, monocarboxylic acids, dicarboxylic 

25 acids, tricarboxylic acids, hydroxyl group- and other 

functional group-containing carboxylic acids, saturated 
carboxylic acids and unsaturated carboxylic acids, such 
as formic acid, acetic acid, propionic acid, butyric 
acid, p-nitrobenzoic acid, salicylic acid, benzoic acid, 

30 oxalic acid, malonic acid, succinic acid, glutaric acid, 

adipic acid, fumaric acid, maleic acid, phthalic acid, 
azelaic acid, citric acid and hydroxybutyric acid, as 
well as their derivatives. 

Examples of inorganic acids which may be used as 

35 electrolyte components include, but are not limited to, 
inorganic acids and alkyl group- or other carbon chain- 
containing inorganic acids, such as phosphoric acid, 
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phosphorous acid, hypophosphorous acid, boric acid, 
sulfaminic acid and alkylphosphoric acids. 

Any of various salts of the aforementioned 
carboxylic acids or inorganic acids may be used, and 
5 examples of suitable salts include ammonium salts, sodium 

salts, potassium salts, amine salts, alkylammonium salts, 
and the like. Ammonium salts are preferred among such 
salts . 

Using an inorganic acid or its salt as the 

10 electrolyte when carrying out the invention can reduce 
the solidifying point of the electrolyte solution and 
therefore contribute to a further enhanced low 
temperature stability of the electrolyte solution. An 
inorganic acid or its salt is also of notable value in 

15 that its use can prolong the period of the hydrogen gas 

absorption of the compound with an unsaturated bond- 
containing chain. 

According to research by the present inventors, the 
electrolyte consisting of such an inorganic acid or its 

20 salt may be used in combination with an electrolyte 

consisting of the aforementioned carboxylic acid or its 
salt in order to provide an effect which will notably 
extend the shelf -life of the electrolytic capacitor 
compared to using either electrolyte alone . Inorganic 

2 5 acids have conventionally been employed in conventional 

electrolytic capacitors of the medium- to high-voltage 
(160-500 volt) type due to problems involving 
conductivity, but when a combination electrolyte is used 
as according to the present invention, it may be 

30 advantageously used even in a low-voltage (<160 volt) 

type electrolytic capacitor. 

The optimum amount of the electrolyte used in the 
electrolyte solution of the invention may be 
appropriately determined based on several factors 

35 including the properties required for the electrolyte 

solution and the final capacitor, the type, composition 
and amount of solvent used, and the type of electrolyte 
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used. For example, when using a combination of an 
inorganic acid electrolyte with a carboxylic acid 
electrolyte as described above, the content of the 
inorganic acid electrolyte in the electrolyte mixture may 
5 be varied within a wide range, but in most cases the 

inorganic acid electrolyte will be present preferably in 
the range of about 0.1-15 wt% based on the total weight 
of the electrolyte. 

The electrolyte solution of the invention is 

10 characterized by comprising a compound having an 
unsaturated bond-containing chain, particularly a 
solvent-soluble compound having an unsaturated bond- 
containing chain, in an electrolyte solution with the 
specific composition described above, i.e. an electrolyte 

15 solution which comprises a mixed solvent composed of 15- 

80 wt% of an organic solvent and 85-20 wt% water, and at 
least one type of electrolyte selected from the group 
consisting of carboxylic acids or their salts and 
inorganic acids or their salts. Solvent-soluble 

20 compounds with unsaturated bond-containing chains include 
compounds having a molecular chain with a carbon-carbon 
or carbon-nitrogen k bond, such as an alkyne, alkene or 
imine, with or without a substituent such as hydroxy 1 
(OH), formyl (CHO), carbonyl (CO), sulfonyl (S0 3 H), 

25 sulfinyl (S0 2 H), sulfenyl (SOH), acyl (COR), carboxyl 

(COOH), amido (CONH 2 ), amino (NH 2 ), alkylamino (NHR), 
dialkylamino (NR 2 ), alkoxysilyl (SiOR), silanol (SiOH), 
phenylcarboxyl (C 6 H 5 COOH), nitrile (CN) , nitro (N0 2 ), 
nitroso ( NOH ) , phenol ( C 5 H 5 OH ) , phosphono ( PO ( OH ) 2 ) , 

30 ester, ether or the like, as a non-limitative group of 

common substituents . For example, there may be mentioned 
acetylenecarboxylic acid, 2-propen-l-ol , 2-butene-l , 4- 
diol, p-f ormylbenzoic acid, methylvinyl ketone, allyl 
acetone, methylisopropenyl ketone, diallyl ketone, 

35 geranyl acetone, pseudomethylionone , maleic acid, 

aery lamide , alky lacry lamide , methacry lamide , crotonamide , 
oleic amide, monoallylamine, diallylamine , 
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propargy lamine , N-alkyl-N , N-bis amine , 

dialkyl ( alkenyl ) amine , 2-methoxy-4- ( 2-propenyl ) phenol , 3- 
nitrostyrene, nitrocinnamic acid, 3- ( 2-nitrophenyl ) -2- 
propionic acid, cinnamic acid esters, succinimide, 
5 dimethyleneimide , oxidophthalimide , glyoxime, 

acetaldehydeoxime , benzoinoxime , 2 -butanoneoxime , 
vinyltrimethoxysilane, vinyltris ( (3-methoxyethoxy ) silane 
and nitroacridine • According to the invention, the 
compound with an unsaturated bond-containing chain 

10 exhibits a more adequate effect if it is soluble in the 

electrolyte solvent . 

Two or more different compounds with unsaturated 
bond-containing chains among those mentioned above may be 
used in combination for an enhanced effect. 

15 The compound with an unsaturated bond-containing 

chain used in this case also has the function of 
inhibiting corrosion of printed boards by hydrochloric 
acid generated upon decomposition of halogenated 
hydrocarbons such as trichloroethane which are used for 

20 cleaning of the elements (i.e., it promotes hydrogen 

halide addition). 

When the compound with an unsaturated bond- 
containing chain is added to the electrolyte solution of 
the invention, a specific composition which is effective 

25 for the effect of the invention is employed for the 

electrolyte solution itself and, therefore, satisfactory 
hydrogen gas-absorbing and hydrochloric acid sequestering 
effects may be exhibited with a single compound. It will 
usually be preferred for the compound with an unsaturated 

30 bond-containing chain to be added in an amount of 0.1-10 

wt% based on the total weight of the electrolyte 
solution. If the amount added is less than 0.1 wt% it 
becomes almost impossible to achieve the desired effect, 
while no further increase in effect can be expected even 

35 if it is greater than 10 wt%, and instead the other 

properties such as precipitation may be adversely 
affected if the compound is of low solubility. A 
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compound with an unsaturated bond-containing chain having 
excellent ion conductivity is highly useful as an 
electrolyte which can contribute to improved electrical 
properties of the electrolyte solution , and is therefore 
5 very effective even when added at high concentrations of 

up to 10 wt%. A more preferred concentration range is 
from 0-3 to 10 wt% . 

The excellent effect of the invention for hydrogen 
gas absorption was confirmed in relation to electrolytes 

10 used in combination therewith. A method commonly 

employed in conventional electrolyte solutions is to add 
a gas absorbing agent such as a nitro compound to a 
carboxylic acid electrolyte alone .or to an inorganic acid 
electrolyte alone. However, in cases of a high water 

15 content in the solvent, it has not been possible to 

obtain a satisfactory hydrogen gas-absorbing effect by 
this method. This has also been the case with 
electrolyte solutions comprising mixtures of carboxylic 
acid electrolytes and inorganic acid electrolytes. 

2 0 However, by using a compound with an unsaturated bond- 

containing chain in the electrolyte solution of the 
present invention, it is possible to maintain the 
hydrogen gas absorbing effects of such carboxylic 
acid/inorganic acid mixture electrolytes over 

25 significantly extended periods compared to conventional 

gas-absorbing additives . 

The electrolyte solution of the invention may , if 
necessary, contain other components than those mentioned 
above, as additional additives. Examples of suitable 

30 additives include the following compounds which are 

mentioned in inventions separately applied for patenting 
by the present inventors in parallel with the present 
invention. 

(1) Chelate compounds. For example, ethylenediamine 
35 tetraacetic acid (EDTA), trans-1 , 2-diaminocyclohexane- 

N,N,N ■ ,N • -tetraacetic acid hydrate (CyDTA), 
dihydroxyethylglycine ( DHEG ) , ethylenediaminetetrakis 
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(methylenephosphonic acid) (EDTPO) , diethylenetriamine- 
N,N,N* , N " f N " -pentaacet ic acid (DPTA), 
diaminopropanoltetraacetic acid (DPTA-OH) , 
ethylenediaminediacetic acid (EDDA) , ethylenediamine- 
5 N,N ■ -bis (methylenephosphonic acid) hemihydrate ( EDDPO ) , 

glycoletherdiaminetetraacetic acid (GEDTA) , 
hydroxyethylethylenediaminetriacetic acid ( EDTA-OH ) , and 
the like. It will generally be preferred for a chelating 
compound to be added in the range of 0.01-3 wt%. These 
10 chelate compounds are able to provide effects such as 

prolonging the usable life of low- impedance capacitors by 
inhibiting hydration of the aluminum (Al) electrode foils 
of the capacitors, as well as improving the low 
temperature stability (as the solvent has a nearly non- 
15 freezing composition, the change in impedance from 

ordinary temperature to low temperature is reduced) and 
improving the corrosion resistance of electrolytic 
capacitors . 

(2) Saccharides. For example, glucose, fructose, 
20 xylose, galactose, and the like. It will generally be 

preferred for a saccharide to be added in the range of 
0.01-5 wt%. These saccharides are able to provide 
effects such as prolonging the usable life of low- 
impedance capacitors by inhibiting hydration of the Al 

25 electrode foils of the capacitors, inhibiting 

decomposition or activation of the electrolyte, such as 
the carboxylic acid by the saccharide addition, and 
improving the low temperature stability of electrolytic 
capacitors (as the solvent has a nearly non-freezing 

30 composition, the change in impedance from ordinary 
temperature to low temperature is reduced) . 

(3) Hydroxybenzyl alcohols such as 2-hydroxybenzyl 
alcohol, L-glutamic acid diacetate or their salts. It 
will generally be preferred for such additives to be 

35 added in the range of 0.01-5 wt%. These additives are 
able to provide effects such as prolonging the usable 
life of low-impedance capacitors by inhibiting hydration 
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of the Al electrode foils of the capacitors, and 
improving the low temperature stability of electrolytic 
capacitors (as the solvent has a nearly non-freezing 
composition, the change in impedance from ordinary 
5 temperature to low temperature is reduced) . 

The aforementioned compound groups (1) to (3) can 
each exhibit many notable effects when added to the 
electrolyte solution of the invention. 

If necessary, the electrolyte solution of the 
10 invention may also contain the following additives in 

addition to those mentioned above, 

(4) Gluconic acid or gluconic lactone, either alone 
or in combination* It will generally be preferred for 
such additives to be added in the range of 0.01-5 wt%. 

15 When added to the electrolyte solution of the invention, 
gluconic acid and gluconic lactone are able to further 
provide the notable effect of enhanced corrosion 
resistance in addition to the special effects of the 
invention of prolonged usable life of low- impedance 

20 capacitors, improved the low temperature stability and 

excellent hydrogen gas absorption. 

( 5 ) A nitro or nitroso compound may be added for 
further enhanced gas absorption. The added nitro or 
nitroso compound may be, for example, aminonitroanisole, 

25 aminoni trot hiazolecarboxy lie acid, aminonitrotoluene , 

aminonitropyridine , aminonitrophenol , 

aminoni trophenolsulf onic acid, aminoni trobenzenesulf onic 
acid , aminonitrobenzothiazole , 

aminonitrobenzotrif luoride , aminonitrobenzonitrile , 
30 nitrophenyl isocyanate, isonitrosoacetophenone, N-ethyl- 

2- ( l-ethyl-2-hydroxy-2-nitrosohydrazino)ethaneamine, O- 
ethyl-O- ( p-nitrophenyl ) thionobenzene , ethylnitrobenzene , 
ethyl-2- ( hydroxy imino) -5-nitro-3-hexeneamide, 
octanitrobenzoyl saccharose, nitrophenyloctyl ether, 
35 nitrophenylgalactopyranoside, 3 -carboxy- 4 -nitrophenyl 

disulfide , bisnitrobenzyl fluoresce in , glycerol carbonate 
nitrobenzenesulf onate , glutamylnitroanilide , nitrophenyl 
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acetate , nitrobenzy lidene acetate , diaminonitrobenzene , 
dithiobisnitrobenzoic acid , dithiobisnitropyridine , 
dinitroaniline, dinitroquinoxaline-2 , 3-dione , 
dinitrosalicylic acid, nitrobenzoic acid, nitrophenol, 
5 dinitrobenzoic acid, nitroanisole , nitroacetophenone , 
dinitrodiphenylamine , dinitrodiphenylsulf one , 
dinitronaphtholsulf onic acid, dinitrobibenzyl , 
dinitrophenylaniline , dinitrophenylhydrazine , 
dinitrophenol , dinitrophthalic acid, dinitrof luorenone , 

1 0 dinitrof luorobenzene , dinitrobenzaldehyde , 

dinitrobenzoylmethylbenzylamine , dinitrobenzophenone , 
nitroaminothiazole , dithiobisnitropyridine , 
dimethylnitroaniline, dimethylnitrophenyl 
phosphorothioate , dimethoxynitrobenzy 1 alcohol , 

15 bisdinitrophenyl oxalate, succinimidyl 

nitrophenylacetate , tetranitropheny lporphyrin , 
trinitrophenol , trinitrobenzenesulf onic acid, 
nitroacetanilide , nitroazobenzenediol , nitroanisidine , 
nitroaniline , nitroanilinesulf onic acid , 

20 nitroaminoanisole , nitroaminotoluene , nitroaminophenol , 

nitroarginine, ethyl nitrobenzoate , methyl nitrobenzoate , 
nitroanthranilic acid, nitroanthranilonitrile , 
nitroisatin, nitroimidazole , nitroindazole , 2-nitroindan- 
1, 3-dione, nitroindole, nitrouracil, nitroethanol , 

25 nitroethylbenzene, nitrocatechol , nitroquipazine maleate, 
nitrocresol, nitrocinnamic acid, nitrosalicylic acid, 
nitrodiazoaminoazobenzene , nitrodiaminobenzene , 
nitrodipheny lamine , nitrodimethylaniline , nitrosulf onazo 
III , nitrothiophene, nitrotyrosine, nitroterephthalic 

30 acid, nitrotoluidine , nitrotoluic acid, nitropicoline , 

nitrohydroxyaniline , nitrobipheny 1 , nitropiperonal , 
nitropyridinol , nitrobarbituric acid, 
nitrophenylacetonitrile, nitrophenylazoorcinol , 
nitrophenylazonaphthol , nitrophenylazomethylresorcinol , 

35 nitrophenylaniline, nitrophenyloctyl ether, 

nitrophenylgalactopyranoside, nitrophenylxylopyranoside , 
nitrophenylglucuronide , nitropheny lglucopyranoside , 
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nitrophenylacetic acid, nitrophenyldodecyl ether, 
nitropheny larsonic acid , nitrophenylhydrazine , 
nitropheny lphenylazophenyltriazene, nitropheny lphenyl 
ether , nitropheny lmaltopentaoside , 
5 nitropheny lmannopyranoside , nitropheny lbutyric acid , 
diethyl nitropheny Iphosphate , nitrophenylenediamine , 
nitrophenetole , nitrophenolar sonic acid, 

nitrophenolmethy 1 ether , nitrophthalimide , nitrophthalic 
acid, nitrohumic acid, nitropropionic acid, nitroveratryl 

10 alcohol, nitrobenzylamine, nitrobenzyl alcohol, 

nitrobenzyldiisopropylisourea, nitrobenzylpyridine , 
nitrobenzamide , nitrobenzimidazole , nitrobenzhydrazide , 
nitrobenzeneazoorcin , nitrobenzeneazonaphthol , 
nitromethane , nitroethane , nitrobenzeneazoresorcin , 

15 nitrobenzenesulf onic acid, nitrobenzocoumarin, 

nitrobenzonitr ile , nitrobenzophenone , nitromesity lene , 
nitromethoxyaniline, bisnitrophenyldisulf ide, 
bisnitrophenylsulf one , bismethylthionitroethene , 
hydroxynitrobenzoic acid, hydroxynitrotoluene , 

2 0 hydroxynitropyridine , hydroxynitrophenylarsonic acid , 

hydroxynitrobenzaldehyde, phenylnitroaniline, 2- ( 2- 
f uryl ) -3- ( 5-nitro-2-f uryl ) aery 1 amide , 
f luoronitroacetanilide , f luoronitroaniline , 
f luoronitrophenylazide , f luoronitrophenol , 

25 methylnitroaniline, methylnitrophenol , 

methy lnitropyridine , methylnitropyridine oxide , 
methoxynitroaniline , methoxynitrobenzoic acid, 
methoxynitrophenol , methoxybenzylaminonitrobenzof urazan , 
nitrophenyl butyrate, nitronium tetraf luoroborate , 

30 nitrophenyl phosphate, nitrosoacetylpenicillamine , 

nitroso ( acetoxymethy 1 ) methy lamine , nitrosooxine , 
nitrosoquinolinol , nitrosoglutathione, 
nitrosodiisobuty lamine , nitrosodiethy lamine , 
nitrosodiethyl aniline , nitrosodi sulfonic acid, 

35 nitrosodiphenylamine, nitrosodimethylamine , 

nitrosonaphthol , nitrosonaphtholdisulf onic acid , 
nitrosohydroxyquinoline , nitrosophenylaniline , 
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nitrosopheny lhydroxy lamine ammonium, nitrosophenol , N- 
[ ( N-nitrosomethy lamino ) methyl ] benzamide , 2 , 2 ■ - 
( hydroxynitrosohydrazono ) bisethaneamine , 

isonitrosoacetophenone , N-methyl-2- ( l-ethyl-2-hydroxy-2- 
5 nitrosohydrazino ) ethaneamine , N , N • -dinitroso-p- 

phenylenediamine , N,N ' -dinitrosopentamethylenetetr amine , 
dimethy lnitrosoaniline , dimethylnitrosoamine , nitrosonium 
tetr af luorobor ate , N- [ N ' -methy 1-N 1 -nitroso ( aminomethy 1 ) ] 
benzamide , N-methyl-N-nitroso-p-toluenesulf onamide , 

10 nitrobenzene, dinitrobenzene , dinitrotoluene , 

nitronaphthalene , dinitronaphthalene , dinitrobipheny 1 , 
nitrodiphenylamine , nitrophenylhydrazine , 
dimethylnitrotoluene , dinitropheny Ihydrazine , 
dinitropyrene , nitrobenzoic acid esters, 

1 5 dimethy lnitrobenzene , nitroanthracene , nitroisoquinoline , 
nitroxylene , ethyl nitroacetate , nitrocyclopentane , 
nitrostyrene , nitropyrrole , nitrof urazone , 
nitrof uraldehyde , nitrohexane , nitrobenzaldehyde , 
nitrolignin , 2- ( 2-f uryl ) -3- ( 5-nitro-2-f uryl ) acrylamide , 

20 nitroacrylamide , f luoronitrotoluene , f luoronitrobenzene 

and f luorodiphenyl ether, as well as their isomers, salts 
and derivatives. 

Besides the additives mentioned above, there may 
also be included additives which are commonly used in the 

25 field aluminum electrolytic capacitors or other types of 

electrolytic capacitors. As examples of suitable 
commonly used additives there may be mentioned mannite, 
silane coupling agents, water-soluble silicone, polymer 
electrolytes and the like. The electrolyte solution of 

30 the invention may be prepared by combining and dissolving 

the various components described above in any desired 
order, and basically conventional techniques may be used, 
either with or without modifications. For example, a 
simple method involves preparation of a solvent as a 

35 mixture of an organic solvent and water with a high water 

concentration, followed by dissolution of the 
electrolyte, the compound with an unsaturated bond- 
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containing chain and desired additives as necessary in 
the resulting solvent . 

The electrolyte solution of the invention may be 
prepared according to ordinary techniques similar to the 
5 electrolyte solution described above. For example, an 

aluminum electrolytic capacitor may be manufactured by 
impregnating the electrolyte solution of the invention 
into an element that has been constructed by using an 
anode foil and cathode foil both composed of dielectric 

10 oxide films formed to prescribed thicknesses, setting the 
anode foil and cathode foil opposing each other and 
setting a separator between them, and then packaging the 
element by an appropriate method. Because the obtained 
aluminum electrolytic capacitor employs the electrolyte 

15 solution of the invention, it is able to exhibit an 

effect of improved low temperature stability due to the 
mixed solvent of the organic solvent and water and 
hydrogen gas absorption due to the presence of the 
compound with an unsaturated bond-containing chain, as 

20 well as effects of prolonged usable life and low 

impedance as a result of inhibited hydration reaction due 
to the use of specific electrolytes. 

It was confirmed that according to the invention, an 
adequate hydrogen-adsorbing is exhibited even if the 

25 compound with an unsaturated bond-containing chain is 

physically present not in the electrolyte solution but in 
the hydrogen-generating section, i.e. in the form of a 
film or the like on the electrode surface or its 
proximity, or in the separator. A significant effect is 

30 also exhibited if the compound with an unsaturated bond- 

containing chain is attached to the inner surface of the 
capacitor case. 

For example, the compound with an unsaturated bond- 
containing chain may be dissolved in an appropriate 

35 solvent, and is adhered by coating the resulting solution 

onto the electrodes (foils or electrode tabs) or the 
separator or else by immersing the electrodes (foils or 
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electrode tabs) or separator in the solution. The amount 
of adhesion may be an amount at least sufficient to 
exhibit an effect when the compound with an unsaturated 
bond-containing chain is dissolved in the electrolyte 
5 solution, or at least 0,1% calculated for the electrolyte 

solution, and optimally 0.01 mg/cm 2 to 1 mg/cm 2 
( pro jectional area). The capacitor fabricated in this 
manner can achieve an effect of hydrogen gas absorption, 
as well as effects of prolonged usable life and low 

10 impedance as a result of inhibited hydration reaction due 
to the use of specific electrolytes. 

According to another aspect of the invention, based 
on the experimental findings and results described above, 
there is provided an electrolytic capacitor which 

15 comprises an electrolytic capacitor composing an 

electrolyte solution according to the invention, and a 
compound with an unsaturated bond-containing chain inside 
the capacitor. 

There are no particular restrictions on the 

20 structure and shape of the electrolytic capacitor 

employing the electrolytic capacitor electrolyte solution 
of the invention , but the following brief explanation 
will be based on a specific embodiment with reference to 
Fig. 1. The capacitor 1 comprises an aluminum case 3 and 

25 a wound element 5 housed inside the aluminum case 3. The 

element 5 in turn comprises an anode foil 9 composed of 
aluminum foil having a surface dielectric film 11 formed 
by anode oxidation, an aluminum cathode foil 13 opposing 
the surface dielectric film 11 of the anode foil 9, and a 

30 separator 15 between the anode foil 11 and cathode foil 

13. The laminate 7 is impregnated with an electrolyte 
solution of the invention. The laminate 7 is wound 
together with another separator 17 to form the wound 
element 15, which is placed inside the case 3. In Fig. 

35 1 , an anode lead wire 21 and cathode lead wire 23 are 

connected respectively to the anode foil 11 and cathode 
foil 13 via lead tabs (not shown). The electrolytic 
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capacitor of the invention employs an electrolytic 
capacitor electrolyte solution according to the 
invention . 

5 EXAMPLES 

The present invention will now be explained in 
greater detail through examples, with the understanding 
that these examples serve merely as illustrations of the 
invention and are in no way limitative. 

10 The 30 °C resistivity values of the electrolyte 

solutions used in the examples were measured and are 
listed in the accompanying tables. The low-temperature 
(-40°C) impedance and ordinary temperature (20°C) 
impedance of the fabricated electrolytic capacitors were 

15 measured, and then the impedance ratio (Z ratio) as the 
ratio of the measured values was calculated for 
measurements at different frequencies (120 Hz and 100 
kHz), as shown in the tables for each of the examples. 
In order to evaluate the usable life properties of each 

20 of the electrolytic capacitors, the initial values for 

the capacitance, tan6 and leakage current (values 
immediately after fabrication of each capacitor) and the 
change in those values after a high-temperature load test 
by standing for a prescribed period under conditions of 

25 105°C with application of rated voltage, were determined 

and are shown in the tables for each of the examples. 
Examples 1-12 

After impregnating a wound element of an 
electrolytic capacitor (10WV-1000 \xF) with an electrolyte 

30 solution having the composition shown in Table 1 below, 

it was placed in an aluminum case with the electrode 
drawing lead tab extending out of the case, and then the 
opening of the case was sealed with an elastic sealant to 
fabricate an electrolytic capacitor. Examples 1 to 10 

35 were conducted to examine the effects of chelate 

compounds, saccharides, hydroxybenzyl alcohol, L-glutamic 
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acid diacetate or its salt and gluconic acid and gluconic 
lactone. In Examples 11 and 12 , there were fabricated 
capacitors under conditions with the compound having an 
unsaturated bond-containing chain electrode either coated 
5 onto the foils or adhered to the separator. The 

capacitors were subjected to characteristic testing, and 
the obtained results are summarized in Table 1 below. 
Comparative Examples 1-3 

The procedure of Example 1 above was repeated, but 

10 for the comparative examples the compound with an 

unsaturated bond-containing chain was eliminated from the 
electrolyte solution and the composition of each 
electrolyte solution was changed as shown in Table 1 . 
The results of characteristic testing are also summarized 

15 in Table 1. 
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The electrolytic capacitors employing electrolyte 
solutions of the invention exhibited low Z ratios, and 
particularly low Z ratios compared to the comparative 
examples at the higher frequency of 100 kHz, This 
indicates that the electrolytic capacitors employing 
electrolyte solutions of the invention exhibit 
satisfactory low temperature stability in a wide 
frequency range. In particular, the electrolytic 
capacitors employing electrolyte solutions of the 
invention exhibited stable characteristics even after 
1000 hours at 105 °C due to addition of compounds with 
unsaturated bond-containing chains to the electrolyte 
solutions in amounts in the range of 0.1-10 wt%, and 
there was no capacitor rupture or abnormal 
characteristics due to generation of gas. In 
contrast, all of the electrolytic capacitors of the 
comparative examples, employing electrolyte solutions 
containing no compounds with unsaturated bond- 
containing chains, were unusable because the safety 
vents were activated as a result of hydrogen gas 
generation-induced swelling of the cases, even at the 
initial stage of high-temperature load and long before 
1000 hours had expired. This demonstrated that an 
extended usable life can be easily achieved for an 
electrolytic capacitor according to the invention. 
Examples 13-22 

The procedure of Example 1 above was repeated, 
but in order to confirm the effects of simultaneously 
adding a nitro compound or nitroso compound with the 
chelate compounds, saccharides, hydroxybenzyl alcohol, 
L-glutamic acid diacetate or its salt or gluconic acid 
and gluconic lactone, the optional compositions added 
to the electrolyte solutions were varied for these 
examples as shown in Table 2. The test results are 
also summarized in Table 2. 
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As clearly shown by the results in Table 2, the 
capacitors of Examples 13 to 22 exhibited satisfactory 
characteristics and low gas generation after 3,000 hours. 

Preferred examples of the invention have been 
5 described above, but the invention is not limited to the 

descriptions in these examples or the claims, and various 
improvements may be incorporated therein within the 
spirit of the invention. For example, wound capacitor 
elements were used in the aforementioned examples, but 
10 the same advantages may be obtained with laminated 
capacitor elements . 

According to the present invention there is provided 
an electrolyte solution for use in an electrolytic 

15 capacitor having low impedance and excellent low 

temperature stability, as represented by the impedance 
ratio at low temperature and ordinary temperature, and ' a 
satisfactory usable life, and also being capable of 
exhibiting an excellent hydrogen gas-absorbing effect 

20 even when an electrolyte solution employing a solvent 

mixture with a high water content is used or when the 
electrolytic capacitor is used in a high-temperature 
environment. The invention further provides an 
electrolytic capacitor, particularly an aluminum 

25 electrolytic capacitor, which employs the electrolyte 

solution and is therefore highly reliable, with low 
impedance excellent low temperature stability, a 
satisfactory usable life and no inconveniences caused by 
the action of the water used in the solvent. 



